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IIRPRODOCTIOH 
The modern electronic theory of valence seems to offer 
the most adequate explanation of the properties of organic com-
poimds available at the present time. According to this theory 
the properties of a molectile are dependent upon its electronic 
configxiration and these properties may be varied by shiftily 
this electronic configuration. The introduction of a substit-
uent into an organic molecule, therefore, causes a change in 
the properties of the molecule because of a difference in the 
ability of the substituent to shai^e electrons with, or trans­
fer them to or from, the atoms to which they are linked. One 
of the most readily determined properties of the organic acids 
and amines is their apparent degree of ionization. 
Ostwald (1) was the first to observe that the ionization 
constant of organic acids changed by a definite amount when a 
substituent was placed in the same position relative to the 
carboxyl group. He called those substituents which caused an 
increase in the dissociation constant of acetic acid negative 
and those which caused a decz>ease positive. Wegscheider (2) 
extended the investigations of Ostwald and summarized the avail­
able data into tables of factors which represented the effect 
of the position of various substituents upon the dissociation 
constants of organic acids. This "Ostwald Law" has been the 
basis for a great deal of experimental work. Walker (3) used 
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It in studying the effect of introducing radicals into dibasic 
acids and esters. Chandler (4), Adams (5) and BJernHa (6) used 
it in the sttidy of the ionization of dibasic acids, 
Derick (7) attempted to establish a standard for determin­
ing the effect of introducing a radical into a molecule. He 
attempted to use the acidic and basic dissociation constants 
of certain hydroxides. If the radical substituted caused the 
hydroxyl to give hydrogen ions then the degree of ionization 
would be a measure of the negativity of the radical. If the 
radical caused a tendency to give hydroxyl ions the degree of 
ionization would be a measure of its positivity. Derick used 
two mathematical expressions to determine this "negativity" and 
"positivity", 
Negativity = ; Positivity = -^000 
log log Kg 
Because of the apparent lack of ionization in so many compounds 
this standard was difficult to apply experimentally, 
Hixon and Johns (8) have demonstrated a mathematical re­
lationship which places organic radicals attached to a polar 
group in a definite order in a series. This relationship for 
the acids and amines was of the type: 
Log K = C 
where log K is the logarithm of the dissociation constant and 
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* is the abscissa value, or "electron-sharing ability", of the 
radical. The radicals considered must contain no polar group 
themselves. It was further pointed out that the electron-shar-
ing ability appeared to be a function of the mass of the radi­
cal and the spatial configuration of the molecule as well as 
the potential of the atoas. 
In another paper Johns and Hixon (9) applied their con­
ception of the electron-sharing ability of organic radicals to 
a series of organo-oercury coapounds. They used the equilibrium 
reaction 
2liHgX = RgHg • HgXg . 
From this investigation they were able to place the radicals, 
R, in a series whose order coincided with that obtained in the 
series RHHg and ECOOH. 
Allison and Hixon (10) pointed out that organic radicals 
ranged in electron-sharing ability from those more positive 
than hydrogen to those more negative than chlorine. They point­
ed out that the literature gave no dissociation constants for 
unsubstituted amines free from polar groups between the values 
—5 —9 5x10 and 1x10 . They pointed out that the carbohydrate and 
terpene amines should give dissociation constants in this 
range. They prepared 2-glueosyl amine and found its dissocia-
•7 tion constant to be 6x10 . 
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Osburn (11) and Ware <12} sttidied the series B«As0(0H}2 
by conductivity and e.ia.f, methods. The series of values for 
the electron-sharing ahility of the radicals investigated 
came in the same order as that reported hy Johns and Hlxon and 
hy Allison and Hlxon for the R«liH2 snd R-COOH series. 
Craig and Hixcm (13} measured the dissociation constants 
of the H-suhstituted and oC-substituted pyrrolidines. They ob­
tained the same order of electron-sharing ability as had been 
secured for the series H-BE2« R-COOH, RBgX and R-As0(0H}2. 
Craig (14} in a later paper att«Bpted to correlate toxicity villi 
structure in a series of oc-substituted N-nethylpyrrolidines. 
He found a relationship similar to the above in respect to 
basic strength aM polar properties. 
Johns and llxon (15} have studied the effect upon the 
equilibrium constant of changing the radical, R, in the equi­
librium 
Cl3CCH(0H)SR =s= CI3CCHO • RSH 
From these data they obtained values for the electron-sharing 
ability of the radicals investigated which checked their pre­
vious work. 
The bulk of the investigationsdone on loniaation have been 
earrled out on equilibria in water solutions. Gonant (16) and 
other recent investigators have pointed out the possibility of 
solvent effect upon constants derived from these equililDria, 
Ooodhue and Hixon (17) studied a series of aoines and organic 
acids in water, ethyl and methyl alcohol. A coraparison of the 
values for the dissociation constants gave curves with approx­
imately the same slope, which indicated that the change in 
solvent had a constant effect upon the ionization constants of 
the organic acids and bases investigated. 
Mehltretter (18) extended this Investigation by measuring 
the ionization constants of a series of secondary amines and 
<3i-substituted B-i^thylpyrrolidlnes in absolute methanol. He 
obtained the same order of electronegativity of organic radicals 
as was found in the data of Gtoldschmidt and Bader (19). He 
also found that substitution of organic radicals in the series 
RHCH3, RHHCgBs and R^ affected the dissociation constants 
If 
6Hs 
of the compounds In such a way as to give an order of electro­
negativity for the radicals aiiailar to that obtained by Hixon, 
Johns and co-workers. 
Brent (20) found that the solvent seems to have a constant 
effect upon the free energy value for the radicals in a series 
investigated by him, 
Carr (21) investigated the equilibrium 
RHgCK • HCl = RHgCl • HGK 
- 9 -
and found values for the electron-sharing ability In agreement 
with previous work. 
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STATEMEST OP THE PROBI.EM 
As was pointed out in the introduction, there are no 
amines reported in the literature with dissociation constants 
—5 —9 falling between approximately 10 and 10 except the value 
for 2-gluco*yl amine reported by Allison and Rixon (10). These 
same autoors suggested that other carbohydrate jradicals, and 
also the terpene radicals, should form amines with dissociation 
constants ranging between the two extremes. 
It is the purpose of the present study: 
(1) To determine the ionization constants of some ter­
pene amines. 
(2) To determine, if possible, some types of structure 
whose amines might have dissociation constants in 
the range 10"®—lO"®, 
(5) To make qualitative observations on the degree of 
stability of those amines having dissociation con-
•5 -9 
stants between 10 —10 , 
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EXPEEIMEITFAL 
l-Menthyl Ajalne, 
The l-iaenthyl amine used In this study was obtained from 
the Eastman Kodak Cc»apany. The amine was dissolTed in anhy­
drous ether and the amine hydrochloride precipitated by means 
of dry hydrogen chloride. The amine hydrochloride was re-
crystallized twice from water. The benzamide derivative gave 
a melting point of 156®C. 
Ahalysla of the amine hydrochloride: 
Per Cent Hp 
Wt. of Sample cc. Ig Teaap, Bar, Pres. Found Gale. 
0.006764 0,386 27®C. 743.4 7.30 7.31 
0,005068 0,340 26®C. 732,6 7.22 
Bomyl Amine. 
Bornyl amine was prepared by the reduction of camphor ox-
ime. 
Camphor oxime was pre|»red by the lawthod used by Wuytz 
(28). Fifty grams of d-camphor were dissolved in 600 cc. of 
alcohol and added to a concentrated solution of 50 grams of 
hydroxylamine hydrochloride in water. To this 75 grams of sod-
itm hydroxide were added followed by 150 cc. of alcohol to 
clear up the turbid solution. The mixture w^s refluxed until 
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a portion of the solution showed no turbidity upon dilution 
with a large volume of water. This process required two and 
one-half hours. The entire solution was then diluted with a 
large volume of water and carefully neutralized with acetic 
acid. The camphor oxime separated from the solution upon 
neutralization. The melting point of the product obtained was 
114-117°C, Yield, 40 grams (7S5i of the theoretical amotint). 
This product was used without farther purification in the prep­
aration of bornyl amine. 
Bornylamine was prepared according to the method described 
by Foster (23). Fifty grams of crude camphor oxime were dis­
solved in 500 cc, of amyl alcohol. The solution was placed in 
a balloon flask fitted with a reflxix condenser and treated 
with 50 grama of sodJ.um In. 10 gram portions. The temperature 
of the reaction mixture was continued to require about four 
hours for cooplete solution of the sodium. Toward the end of 
the reaction time 75 cc, of amyl alcohol were added to prevent 
the precipitation of sodium amylate. When solution of the sod­
ium was complete the temperature of the mixture was lowered to 
about 60®C, and 325 cc. of water added. Three hundred twenty-
five cubic centimeters of concentrated hydroch^-oric acid were 
next added in small portions with vigorous shaking, Bornyl 
amine hydrochloride separated from the solution upon the removal 
of the aatyl alcohol by steam distillation. Forty grams of the 
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crude Iwrnylaralae hydrochloride (88^ of the theoretical aiaovmt) 
were ohtalned. Initial purification was accomplished hy re-
crystallization from hot water. For final purification the 
amine was freed from the hydrochloride by use of sodium hydrox­
ide followed by extraction with ether and reprecipitation of 
the hydrochloride with hydrogen chloride gas. 
The melting point of the amine hydrochloride was 311®C, 
Analysis of the asiine hydrochloride: 
Per Cent Ig 
Wt, of Staaple cc. Kg Temp. Bar. Pres. Found '^alc. 
0.0048S2 0.3254 28®C. 737 7.33 7.38 
r 
Plnjl Amine. 
Pinyl amine was prepcred by the reduction of nitroso-
pinene. %e nitrosoplnene was prepared from pinene nitroso-
chloride, -Pinene nitroaochloride was prepared according to 
the method used by Wallach (24). The preparation was first at­
tempted using d-cx-pinene, The yield of nitrosochloride was very 
poor. When an optically inactive o<-pinene was used the yield 
was satisfactory. This result is in agreement with the obser­
vations of Wallach (24)(25), One hundred and forty cubic cen­
timeters of i-«-plnene were prepared by adding 1-of-pinene to 
the dextro form until the mixture showed no rotation. To this 
mlxtxire was added 200 cc. of iso-anqrl nitrite and 340 cc. of 
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glacial acetic acid. It was then cooled in an ice-salt T&ath, 
Ei^ty culsic centimeters of a mixture of equal volumes of 33/C 
hydrochloric acid and glacial acetic acid were added very slow­
ly and with constant stirring to the pinene mixture. The blue 
color appearing after each addition of the hydrochloric acid 
mixture was allowed to disappear before adding the next por­
tion. The reaction mixture was kept cold for about an hour af­
ter the addition of the last portion of the hydrochloric acid 
solution. The pinene nitrosochlorid®, a white crystalline com­
pound, was filtered from the reaction mixture and dissolved in 
chloroform. Purification of the nltrosochloride was accomplish­
ed by precipitation fa?om the chlorofom solution with methanol. 
This product was used in the preparation of nltrosoplnene. 
Yield, 28 grams {15jS of tJie theoretical amount), 
mtrosoplnene was prepared accoi^ilng to the method des­
cribed by WallACh (26). A solution was prepared by dissolving 
6 grams of sodium in 150 cc. of 905^ alcohol, Fifty grams of 
pinene nltrosochloride were added and the whole refluxed for 
48 hours. The nltrosoplnene was precipitated by the addition 
of water to the reaction mixture. Purification was accomplished 
by making a paste of the dry nltrosoplnene with petroleum 
ether, followed by filtration and washing with several portions 
of the same solvent. The yield was 39 grams (94/C of the theo­
retical amount). 
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fhe laethod deacrlhed by Vallach (26) was used in the 
preparation of pinyl amine. Thirty grams of nitrosopinene were 
dissolved in 2(X) ec. of warm glacial acetic acid. The solution 
was diluted with water until a sli^t turhidity appeared. Zinc 
dust was added in small portions and the mixture refluxed on a 
water hath for about 12 hours. Ixcess zinc dust was always 
present during the reaction. After refluxing, the clear solu­
tion was decanted from the undissolved sine and diluted with a 
large volume of water. The dissolved zinc was precipitated 
from the solution by the addition of hydrogen sulfide and the 
filtrate concentrated until the solution began to darken. 
Pinyl aBdne nitrate was precipitated from this solution by the 
addition of a saturated solution of sodium nitrate. The pinyl 
amine nitrate was recrystallized once from hot water* Thirteen 
grams were <^tained. Further purification was carried out as 
follows. The amine was freed from the nitrate by treatsient 
with sodium hydroxide. %e free amine was extracted from the 
basic solution with ether and precipitated from the ether solu­
tion as the hydrochloride by means of gaseous hydrogen chloride. 
Yield, 12 grams {2Z% of the theoretical amotmt). Melting point 
of the hydrochloride 229-230®C, 
Axuilysis of the amine hydrochloride: 
Per Gent Me 
Wt. of Sample ec. Mg Temp. Bar. Pres. Found Cal^ 
0.003474 0.235 28®C. 757 7,44 7.45 
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o^«AaiBoamyl Methyl getona. 
oi'Aalaoaayl aethyl ketone waa prepared by the following 
series of reactions: 
n-CsHllCOOl n-CsHiiCOCl n-CsEnCOGHs 
n-C4HQC(S0H}G0CH« n-C4H9CH(llE2HCl}C0CH3 
B61 
a^Caproyl chloride was prepared in 845J yield throuf^ the 
action of thionyl chloride uijon n-caproic acid. n-Aayl methyl 
ketone was pre|»red in 48^ yield by tiie action of sine methyl 
iodide upon n-caproyl chloride, ^e boiling point of the ke­
tone was 150-151^0. XsonitTOso amyl methyl ketone was prepared 
by the method used by Pezold and Shriner (27) for the prepara­
tion of C3i.-nitrosocyclohexanone. One hundred nine grams of 
amyl aethyl ketone and 140 grams of isoamyl nitrite wex*e dis­
solved in 500 cc. of absolute ether. A second solution waa 
prepared by dissolving 23 grams of sodium in a mixture of 475 ca 
of absolute alcohol and 600 cc. of absolute ether. The second 
solution was cooled by means of an ice salt bath and to it the 
first solution was added slowly with constant stirring. The 
stirring and cooling was continued for about three houra after 
the addition of the first solution was completed. The reaction 
mixture was extracted with dilute sodium hydroxide solution. 
The dissolved ether was expelled by heating and the oxime freed 
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from solution by acidification with acetic acid. Yield, 80 
grass of crude compound (58^ of the theoretical amount}. 
o(-Aainoaa^l methyl ketone was prepared by the method des­
cribed by Behr and Bregowski (28) for the preparation of 
o(-amino hezylmethyl ketone* Thirty-two grams of isonitroso-
amyl methyl ketone were slowly added to a well cooled solution 
of 99 grams of stannous chloride in 143 grama of concentrated 
hydrochloric acid. The mixtiu:>e was stirred constantly during 
the addition of the oxime and for about twenty-four hours 
thereafter. Metallic tin was then added and allowed to stand 
ia contact with the reaction mixture over night. After filter­
ing to remove the excess tin the solution was diluted to two 
liters from which the dissolved tin was precipitated with hy­
drogen sulfide. The solution was filtered and concentrated to 
about 200 oc. over a free flairo and then evaporated to dryness 
under vacuum. The amine hydrochloride was extracted from the 
resultant dry residue with absolute alcohol and recovered by 
distillation. Yield, 11 grams (29^ of tiie theoretical amount). 
The amine hydrochloride was recsrystallized four times from a 
mixture of equal voltimes of absolute alcohol and petroleum 
ether. The melting point for the last two crystallizations of 
the hydrochloride was constant at 130®G, 
Analysis of amine hydrochloride: 
Per Cent Kg 
Wt. of Sample cc. Kg Temp. Bar. Px»ea. Found Calcl 
0.004182 0.325 25,5®C, 735 8.43 8.46 
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Caaphor Aaiaa« 
Caaphor amine was prepared by reducing isonitrosoeamphor. 
Isonitroseeasphor was prepared by the lael^od used by 
Claisen and Hanasse (S9). Fifteen and two-tentiis grams of sod* 
i\im shot were added to a solution of 102 grams of camphor in 
500 cc, of dry ether. After the reaction had ceased the mix­
ture was cooled witii an ice-salt mixture to about -lO^C, and a 
ficall portion of isoamyl nitrite added. The reaction mixture 
was stirred constantly until a yellow color and a foaming in­
dicated the reaction was under way. When this occurred the re­
mainder of the isoaayl nitrite (78 grams) was added slowly. 
Vigorous stirring was continued during the addition of the iso-
amylnitrite and for about twenty minutes after. The tempera­
ture was held near -lO^C. ^is mixture was left standing in 
the cold for three hours and then ice water added. The aqueous 
layer was removed and extracted three times with ether to re-
moYe any \inreacted camphor. Dissolved ether was removed by 
means of a stream of air. The isonitrosoesmidior was freed 
from the solution by acidifying with acetic acid and used in 
the preparation of -aminoeamphor without further purification. 
Yieldy 59 grams (53^ of the theoretical amount), 
o(-Amino6am|^or was pirepared by a modification of the method 
used by Claisen and Hanasse (29). Sixty and fifty-six hundied!^ 
grams of isonitrosocaniphor were dissolved in a mixture of S40 cc. 
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of acetie acid and 675 cc, of water. The solution was plaeed 
in a balloon flask fitted with an air cooled condenser and re-
fltuted over a hot-plate for approximately two hours, Sfflall por­
tions of sine duat were added from time to time during the i^e-
fluxin^. At the end of the reflxucing period the undissolved 
zinc was filtered from the mixture. Solid llaOfi was added until 
the precipitated Zn(0R)2 redissolved and a red-yellow waxy oil 
se;»rated. The solution was extracted with three portions of 
ether and the ether solution dried over XOH. The amine hydro­
chloride was precipitated by passing dry RCl gas into the ether 
solution. As attempt to purify a portion of the free amine by 
distillation under a vacuum of 15 mm. resulted In decomposition 
with the appearance of a waxy camphor-like body and the liber­
ation of a large amount of ammonia. Purification of the amine 
hydrochloride was finally accomplished by four recrystalliaa-
tions from a mixture of absolute alcohol and acetone. Yield, 
67 grams (99% of the theoretical amount) crude amine hydro­
chloride. 
The melting point of the hydrochloride was 221®C, 
Analysis of the amine hydrochloride: 
Per Cent 
Wt, of Sample cc, II2 Temp. Bar, Pres. Pound 6alc, 
0.006582 0.427 27®C. 745 6.80 6.88 
0.005594 0.349 26°C. 743 6.83 
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ouAmlno CyclohaxanoBft. 
An attempt was made to prepare oc-amlno eyclohexanone by 
the reduction of o<e-nitro8o eyclohexanone. The oxlme was pre-
pax*ed by the method used by Pezold and Shrlner (27). Thirteen 
and el^t->tenth8 grams of sodium were dissolved in 300 cc, of 
absolute alcohol. This was diluted with 400 cc, of absolute 
ether. The sodium ethylate ether mixture was cooled to about 
-10®C, by means of an ice-salt bath. To this solution was ad­
ded slowly, with constant stirring, a mixture of 60 grams ey­
clohexanone, 88,2 grams isoamylnitrite and 900 cc. absolute 
ether. After three hours continuous stirring a red precipitate, 
the sodium salt of ©^-nitroso cyclohexanone, separated and was 
filtered ai5d then washed with absolute ether. The yield was 
51 grams, 565^ of the theoretical amount. 
Attanpts were made to reduce o(.-nitroso eyclohexanone both 
chemically and by catalytic hydrogenation. In neither case 
could «iy o<-amino cyclohe»inone be isolated. In one catalytic 
hydrogenation, using palladitim black as a catalyst, 3,8 grams 
of oc-nitroso cyclohexanone were suspended in 75 cc, of water to 
which had been added 0,03M of hydrogen chloride. This mlxttire 
absorbed 1350 cc, of hydrogen, l^e theoretical volume needed 
to reduce the oxlme to the amine is 1340 cc, Upon concentrat­
ing the reaction mixture under a vacutxm, a white crystalline 
solid separated and was identified as ammonium chloride. Prom 
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the liquid frttotim a semi-carbazone was obtained, melting 
point 165^0, fhls <diecked with the melting point of the aemi-
carhazone of cyclohexanone, 166°C. Ho araine was detected in 
the reaction lalxture. 
Method of Meastirexaentt 
The method used in the determination of the diasoelation 
eonstanta was essentially the half neutralization method of 
Carothers, Bickford and Hurwltz (30), Because of the instabil­
ity of m<^t of the amines used in this investigation, it was 
foxmd impossible to obtain the free amines in a sufficiently 
pure condition. The hydrochlorides of the amines, however, 
proved to be much more stable and could be obtained in a suf­
ficiently pure state. Carothers, Bickford and Hurwltz calcu­
lated the dissociation constant from the hydrolysis constant 
which is equal to the hydrogen ion concentration when the base 
is half neutralized. They added an half equivalent of hydro­
gen chloride to a solution of the free Eosine, It seemed like­
ly that the same result could be obtained by adding an half 
equivalent of sodium hydroxide to a solution of an amine hydro­
chloride. 
To test this hypothesis the dissociation constant of an-
- 22 -
ilin6 was calculated from the hydrogen ion concentration of a 
solution prepared by adding an half equivalent of sodium hy­
droxide to the aniline hydrochloride. The value thus calculat­
ed checked the published value for the dissociation constant of 
aniline (51)(32), "Hie following table gives a comparison of 
these values. 
Wt. Aniline Pres-: Dissociation Constant 
Hydro<^oridb ec% SaOH sure ;E,M,P, E.M.P, 
in 250 ce. 0.02885» mm.Hg: Obs. 760 mm. Pound Beported 
0,2007 26,85 
• 
737 10,5133 0.5142 3,5x10"^® 3.0x10"^°* 
26,95 
* 
• 
-10 0.2011 737 :0.5134 0.5143 3,5x10 
0.2019 . 27,01 
« 
737 ;0.5144 0,5153 3,6x10'^® 3.7x10'^° 
0.2004 26,81 737 •0,5144 
• 
• 
0,5153 3,6xl0"^® 
Determined at 20 G, 
Apparatus tfaed, 
fhe potentiometer used in this work was the same type as 
the electron tube potentiometer described by Qoodhue, Schwarte, 
and Pulmer (33) and used by Goodhue and Hixon (17), 
Two saturated calomel half-cells were used as reference 
electrodes. These half-cells gave zero potential when set 
against each other and could be used interchangeably in the 
Bteasurement of e.m.f. 
The hydrogen electrodes used were made of platinum flags 
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about 7 am, square and plated with palladium black. A one per 
cent solution of palladium chloride in HCl containing a trace 
of lead acetate was used in plating. The electrodes were im­
mersed in the palladium chloride solution and a current density 
of about 0,4 amperes was applied for three minutes. After be­
ing washed with distilled water the electrodes were electro­
lysed in dilute sulfuric acid for five minutes, again washed 
in distilled water and then in the solution in which they wei^e 
to be used. 
An attempt was made to use platinum electrodes plated with 
platinum black but these proved much less reliable than those 
plated with palladium black. This is in agreement with the ob­
servations of Goodhue and Hixon (17), 
All e,n,f, TOeasurements made in this Investigation were 
carried out In a constant temperature air bath at 25®t0,l®, the 
temperature being controlled by a sensitive DeKhotinsky regu­
lator. 
Measurement of E,il,F. 
The hydrogen half-cell was separated from the satiirated 
calomel half-cell by a Junction through & closed, ungreaswi 
glass stopper. This prevented diffusion of the calcmel to the 
hydrogen electrode and subsequent poisoning. (See Figure 1.} 
The hydrogen electrode was mounted in the cell completely 
M 
», OmcBwl -lailf-«€Fllj. b 
40XtfC10&| hiilf 
- 25 -
lm«rsed in the solution. Hydrogen gas was bubbled from below 
up over the flags. (See Figure 1.) The hydrogen used was 
deemed sufficiently pure if the correct e.m.f. was obtained 
with the hydrogen electrode in O.OSM potassium acid phthalate. 
Fresh hydrogen electrodes were used for each e.m.f. 
measurement. 1%iey were checked against 0,05M potassium acid 
phthalate before and after each determination. Values were 
used only when a reading of 0,4805 volts ^0,5 millivolts was 
obtained against the acid phthalate. All e.m.f. meastirements 
against the phthalate buffer ranged from 0.48CX} to 0.4806 
•oltfl. 
Solutions whose e.m.f, weire to be measiired were used im­
mediately after preparation. The amine hydrochloride was 
weigliMd, dissolved in water, an half equivalent of sodium hy­
droxide added and the solution diluted to volume. In each 
measurement of e.m.f. the voltage rose rapidly to a maximum. 
The time used in reaching this maximum ranged between four and 
eight minutes in each case, with the exception of tx^-aminoamyl 
methyl kstone. This amine required nearly fifteen minutes to 
reach a constant e.m.f. 
^e e.m.f. readings for menthyl amine, bornyl amine and 
pinyl amine showed a very gradual drift downward from the max­
imum reading. Check measurements upon the same solutions ii»de 
from two to five days later gave the same maximum readings and 
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ahowed the same slow drift domnrard. With o(>amino assyl sethyl 
ketone the e.a.f, rose very slowly after reaching a constant 
•alue. With one sample ttils upward drift continued for 140 
alnutesy the e.m.f. changing ahout 2*5 milllTOlts. Cheek read­
ings upon the same solutions made three hours later gave a raach 
lover e*a.f. reading. A solution made up and iaraediately 
measured gave a value of 0«7500 volts. This same solution 
measured three hours later gave a reading of 0.6997 volts. The 
solutions were turhld and yellow in color, showing evidence of 
decomposition. Camphor amine gave constant values for the e.m.f. 
after equilibrium was reached. 
In Table I are tabulated the dissociation constants, as 
-log for the above mines. 
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Ml* X. 
7ftl3ulftt0d Results from E.M.P, of 
Cells of Half neutralized Aai&es 
Pd/Sg(l atffi.) amine 8ol,//ICCl(sat,), HggClg/Bg 
Substance 
ft. of 
Amine*BCl 
ec«8 laOH 
0.016861 
Fissure: S.M.F. 
nm. BK : Obs. 760 BB.. -log 1^ 
1-Xentt:^l 
amine 
0.0869* 
0.1023* 
14.12 
16.85 
• 
738 :0.8478 
738 s0.8489 
0.8486 
0.8497 
3.81 
3.79 
Bomyl amine 0.1026** 
0.0410* 
17.04 
6.82 
734 
742 
0.8290 
0.8294 
0.8299 
0.8302 
4.17 
4.12 
Pinyl amine 0.0837* 
0.1002* 
14.06 
16.84 
734 
734 
0.7522 
0.7521 
0.7531 
0.7530 
5.42 
5.42 
oc-Aaino aoyl 
BeH^l laetosm 
0.0487*** 
0.0609*^ 
0.0543*** 
9.27 
11.65 
10.34 
737 
731 
726 
0.7287 
0.7300 
0.7302 
0.7296 
0.7310 
0.7313 
5.82 
5.80 
5.79 
Caatp^r ami:iM 
0.2065** 
s0.2062** 
•0.2036** 
!0.2046** 
18.13^ 
18.02{ 
17.885 
17.96^ 
742 
742 
742 
742 
0.6644 
0.6697 
0.6644 
0.6611 
0.6652 
0.6706 
0.6652 
0.6619 
6.91 
6.82 
6.91 
6.96 
Hade up to 100 ee, solution. 
^Made up to 250 ee, solution. 
Jfede up to 50 ec. solution, 
^loraality 0.02797. 
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DISCUSSIOS OP RESULTS 
Ehe coacnon classification of organic compounds into the 
three main clasees, aliphatic, heterocyelie and aromatic, makes 
the study of those compounds of interest to the biologist a 
difficult matter, A careful study of the free energy of re­
action of the 80»ealled ali^atic and aromatic compounds has 
shown definitely that these two groups, while seemingly quite 
distinct, tend to merge into each other. This is illustrated 
by Table II. 
An examination of this table shows that the typical ali­
phatic amines are imich stronger bases than the typical aromatic 
amines. There are, however, certain aliphatic amines which ap­
proach aromatic amines in basic strength and some alkyl amines 
that are even more sligjitly dissociated than the typically aryl 
compounds. 
Looking critically at the ionization constants listed in 
Table II, it is noticeable t^at a distinct gap exists from lo"® 
•9 to 10 . ^ ere are but few primary amines known which possesses 
ionization constants within thi^ range. As has been previously 
stated, there has been some evidence to indicate that the un­
stable carbohydrate and terpene amines should possess constants 
of about this magnitude. Thus these compounds should serve as 
the ccmnecting link between the strictly aliphatic and strictly 
aromatic types. 
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Table III shows the constants obtained in several studies 
on the primary and secondary amines. The radicals in this 
table are arranged in the same order used in Table XI. 
The investigations on the ionization constants of the 
nitz>ogen heterocyclics, carried out in this laboratory, are aum-
laarized in Table IV. Bere also, the radicals are arranged in 
the saaie order as in Table II. 
The work on the ionisation constants of the carboxylic and 
arsonic acids is tabulated in Table V. 
Several studies have been made of equilibria not involving 
ionization. These are summarized in Table VI. 
A critical examination of the data presented in Tables II 
to VI gives rise to a number of interesting points. Each series 
may be plotted on a curve of the eaqponential type referred to 
in the introduction. In each case the order of the radicals 
plotted as abscissa values is the same, fhe position of t^e 
eyclohexyl radical was determined by the ionization constant 
given for the amine by Hall and Sprinkle (32) as well as the 
constants listed in these tables. The tendency of the so-call­
ed aliphatic and aromatic amines to mvge, when arranged in 
order of tJieir ionization constants, is found in other series 
as well. In Tables III, IV, V and VI it will be observed that 
gaps occur in each series coincidental with that referred to 
in the discussion of the amines listed in Table II. These gaps 
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Table II. 
Dissociation Constants of Corresponding Polar Com-
poonda of Yarious Radicals in Water at 25°G.(8). 
Amines : Acid 
RIHg«H20;R*C00H 
Acid 
RCHgCOOH Radical 
icld 
RCBgGHgGOOH 
Hydroxide 
ROB 
CH3GH2— 
CB«--
CH3CH=CHCH2-
C6M5CH2--
OHg=OH— 
H— 
G6H40eH3-£ 
CgH^CH3'>n 
C6H4OCH3-0 
CI6H5--
CgH^CH3''0 
C6H4Br-2~ 
C6H4C1-£ 
C^i4Br-a 
Cic^7- "" 
CgH4Cl>iB 
C6H4M02~£ 
CgHAKOg-m 
HgIG— 
C6H4GI-0 
CHsGHGl— 
j^GBr**** 
HgOCl— 
C6H4l02~0 
HgClsOo)— 
CHs—ci"c~ 
H2C{GH)— 
C2H5OOC— 
HCCI2— 
I— 
Br— 
Gl— 
CI— 
102-
3x10 
6x10 
5x10 
5x10 
4x10 
.4 
-4 
2x10 
2x10 
-5 
•.9 
JIxlO'^  
:lxXO-| 
:1X10 ° 
:lxl0:| 
1x10 
1x10 
1x10 
;5xl0 ® 3x10 
:5xl0'T 
s6xia"*5 
2x10 
4x10 
:2xi0^ * 
•S*lQ*® 2x10 
-8 
-5 
-5 
-6 
-5 
.5 
6x10-}0:5410*| 
2xlO"^X:8xlO"S 
3xlO'*X**''*^ 0*;V 5X10 
SxIO^JXJ^XIO-*! 
2X10-J?: 
Ixl0"**:9xl0"f 
9xio-JJs|jao-^ 
9x10-}J:M0-1 
6xlO"*f:/2xlO"I 
lxlO'"*|:(4xlO"T 
4xlO'*"^'^4 3xlO^ 
9xlO"^r:lxlO-f 
-5 
1x10" 
:2xia 
ilxlO 
J 1x10 
:6xlO 
•»s 
-3 
-3 
-3 
I3x10-® 
;4xl0-® 
9x10 
9x10' 
1x10 
9x10 
} 12x10 
-5 
•6 
.4 
.5 
.4 
^s5xlO -2 
5x10 
8x10 
1x10 
1x10' 
i4xlO 
I 
-4 
.4 
.3 
.3 
.3 
1x10 
1x10 
1x10 
-5 
-5 
-5 
2x10 
1x10 
-5 
-5 
2x10 -5 
2x10 -5 
3x10 
SxlO 
-5 
-5 
3x10-® 
9xlO'f 
IxlO-J 
9x10-5 
2x10"'^ 
10 -15 
10 -14 
10 rlO 
10 -10 
10 ••8 
10 .9 
10 -8 
V 
I 
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Tal3l« III. 
fatulation of Ionization Constants of 
Stmo PPiaary and Secondary Amines Measured 
in Methanol in this Laboratory (17)(18)(34), 
Eadical 
-log 1^ 
R 
-log Kb -log 1^ -log Kb 
ngSli 
-log % 
n-C4H9— 4.92 4.95 5.15 
C2H5- 4.97 
CHs- 10.98 
CH2OHCH2— 5.66 11.41 6.11 
C6H5CH2— 5.47 6.77 11.73 7.38 
0-CIC6H4CH2— 6.61 
0-CIC6H4— 5.66 
S-CHsOCgH^— 14.15 13.45 
£-CH30eH4— 10.00 5.67 10.50 14.31 13.98 
CgHg— 10.53 5,80 14.50 14.50 
E-Ce® 5*^6^4-*- 5.90 
a-ClG6H4•— 12.14 
ot-Cio®f7— 11.87 14.82 
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TABIS IV. 
Ionization Constants of Some Substituted 
Kitrogen Heterocyclics* (13)(17)(18)(35), 
Badieal 
KxlO"® 
-log K0 
CHs 
-log Kg KB 
H— 1,3x10"® 
GeSii— 64.0 1.3 * 6,05 5.0x10-^ 
n-C4&9— 6,31* 2.3x10"* 
n-C3H7-— 6,27* 
CgHg— 27,0 6.09 6.31* 
CHg 6,23* 1,5x10*"^ 
CgRgCHg-— 23.0 0.38* 6,92 3,2x10"® 
2-GH30.C6H4-. 7.02* 
E-CHsCgH^— 10.0 0.21* 6.41 5,0x10"^® 
CsHg- 4.0 0,15* 7,25 7.34* 2,0x10"^° 
£-ClCgH4— 7.66* 
/3-Pyrrodyl 8.55* 
Those TBlues marked with a star were measured in absolute 
iBethanol. Uninarked values were obtained from water solu­
tions. 
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Table V. 
Tabulation of Ionization Constants of the 
Capboxcylic and Arsonic Acids (11)(12)(17)(36), 
Radical fiCOOH* 
-LOR K 
EA80(afi)2 
KxlO"^ 
B-C4H9— 0. 54 
n-C^7— 0, 55 
CHs- 9. 34 1. 06 
CgHsGsfig— 0. 55 
CH2TOH)CH(OH)CH2— 0, 99 
CH5CH=CH— 1. 06 
ceHscmo— 
0-C1C6H4CH2— 
1. ,20 
1, 40 
p.CH5C6H4~ 9. 
9. 
33 
12 2 ,  60 
CHsCHBrCSBr—• 3. 60 
p»BrGgH4— 8. 74 
£-C1C6H4— 4. ,20 
0-CIC6H4— 4, 10 
5-CIC6H4— 8. 57 5, 20 
*Ttiese values were determined in absolute sethanol. 
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Table VI. 
Tabulation of Equilibrium Constants from 
Studies of Kon-ioni2ing Equilibria (9)(15)(21)(37), 
Badieal 
2EHgH05 
R2H6+HgTM03)2 
K*10-5 
SSfigl 
R2flg^Hg|2 
KXIO-2 
RHgCK-^HCl 
—RHgCl^SCH 
Kx10*2 
^*&UtCEO 
—C13CCHTOH)SS 
SxlO-2 
CeHii— 0.15 
n-C4H9—• 1.2 0.3 0.20 
G2H5- 7.2 0.6 8,30 0.24 
CHj- 7.5 1.2 4.00 
CfiHsCHg— 2,0 27.0 5.70 0.28 
0-CIC6H4GH2— 4.50 
g-CHgCgH^— 1.5 70.0 2.50 1.50 
C6H5— 85.0 100.0 2.60 2.20 
2-CIC6H4— 4.10 
G10H7- 1.90 
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ar® particularly noticeable in the aerlea involving ionization 
equilibria. 
As has been stated in the experimental part of this thesis, 
the e.tt.f* readings obtained for cells using half-neutralised 
solutions of l-aenthyl, bornyl and pinyl amines drifted slowly 
downward after rising rapidly to a Buucinam. This slow fall in 
voltage was most noticeable in the ease of 1-Ewnthyl amine and 
less evident when bomyl and pinyl amines were used. It seems 
lilbsly that this slow drop in e.m.f. was caused by t)^ escape 
of the free amine from solution, aided by the sweeping acticm 
of the hydrogen gas. The odor of free amine was very strong 
from each of the three solutions Just mentioned, particularly 
so in the case of 1-menthyl amine. 
Kie gradual Increase in voltage previously reported for 
oi-aminoaii^l methyl ketone was probably caused by the slow de­
composition of the free amine and the subsequent liberation of 
ammonia, Svidences for this decomposition will be discussed 
later. 
The amines studied in this investigation have ionization 
^4 -7 
constants ranging from 1.6x10 to 1,2x10 . It is interest­
ing to note that those terpene amines having the most typical 
terpene structxu*es have constants of lesser mgnltude. While 
those which have been modified until they more nearly resemble 
the saturated aliphatic compotinds have the greater constants. 
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this la la agreement with the predictions previously made re­
garding tiie tez^ne snlnes. 
One of the purposes of this Investigation was to determine 
whether the terpens amines, wdiose Ionization constants range 
-5 -O between 10 and 10 ^ , give evldenees of decomposition. These 
observations of stability are entirely qualitative, since every 
case In ^ Ich decomposition occurred was apparently an Irrever­
sible process and no method could be devised to study them re-
verslbly. 
Xo evidence of decomposition of 1-iMnthyl amine 
d^sl^exlO""^) could be observed imder any ordinary treatment. 
Xt could be distilled at atmospheric pressure (B,P. 205^0.). 
The free mine could be liberated from Its hydrochloride by 
iMans of strong sodium hydroxide with no evidence of the forma­
tion of aissonla. 
Bomyl amine (X:bf7«2x10~^) also showed no sign of Insta­
bility. The free amine (X,P. 163^} is used as a solvent In the 
Blcroch^lcal determination of molecular wel^t. It also may 
be treated with strong caustic without any sign of liberation 
of ammonia. 
•6 Plnyl amine (]!:^s3»8xl0 ) shows only slight evidence of 
lastablllty. Attempts were made to distill It at atmospheric 
pressure (B,P, ) the amine turning very dark and perhaps 
liberating a small amount of ammonia, as evidenced by the odor. 
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Dlsfcillation of the amine is accomplished readily, however, at 
reduced pressure {90^C, at 12 imi,). This amine gave no evidence 
of decomposition when treated with strong sodium hydroxide solu­
tion. 
Camphor amine (KbsI.SxIO"^) proved to be rather unstable. 
An attempt to distill the free amine under a vacuum of 15 SSB. 
resulted in the very rapid evolution of ammonia and the appear­
ance of a white, waxy, camphor-like substance. All attempts to 
purify the jOee amine from ammonia proved futile. Purification 
of the hydrochloride was accomplished. 
o£.-^aino8inyl methyl ketone was prepared for purposes of 
comparison with camphor amine. Ite ionization constant is 
1.6x10*"®, This indicates that the radical, (C4B9)(CH5C0)CH—, 
is less negative l^an the camphor radical but more negative 
than the pinyl and bomyl radicals. This amine is also un­
stable. The free amine cannot be distilled without some decom­
position and the liberation of ammonia. Some difficulty was 
also experienced in the purification of the amine hydrochloride. 
Boiling of a solution of the hydrochloride in absolute alcohol-
petroleum ether mixture resulted in the alow formation of a 
precipitate of ammonium diloride. Recrystallization without 
decomposition was effected at lower temperatures. Liberation 
of the free amine from the hydrochloride by use of strong 
caustic results in some decomposition end loss of amsonia. 
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Is particularly true at higher temperatures. 
Attempts were made to prepare a xuimber of other alpha-
amlno ketones. The attemrtt to synthesize Q(.-amlno eylelohexa* 
none has been described In the experimental part of this thesis, 
fhls description gives further evidence of the Instability of 
these o^amlno ketones and their tendency to split out anaaonla. 
An effort was made to synthesize o^amlno pulegone and o^aolno 
ae^ime from the corresponding oxlraes. In neither case was re­
duction carried out successfully. 
It seems evident from the material presented above that, 
as the Ionization constants of the lunlnes decrease from 10"^ to 
10 , the tendency of the amines to decompose, with the libera­
tion of ammonia, Incx^ases. IQils conclusion Is strengthened by 
the observations of Allison and Hlxon (10) upon the decomposi­
tion of 2-glucosyl amine, referred to In the Introduction. It 
would be Interesting to prepare amines with Ionization con-
~7 .9 
stants between 10 and 10 and study their stabilities. This 
Is beyond the scope of the present investigation. It seems 
likely to the author, however, that the stability of the amines 
may pass through a mlnlaaim In those compounds possessing lonl-
zatlcm constants between 10"^ and 10*^. Whether such a minimum 
actually exists or whether there Is merely an Instability range 
has not been determined In this Investigation, Some method of 
quantitatively measuring the instability of this type of c<®-
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potiBd waat devised before the question can be answered. 
Study should also be made of the correlation between stability 
and equilibrium constant of other types of polar compounds. A 
beginning has been made in the work of Johns, Peterson and Bix> 
on (37) on the stability of certain RHgVOg CCTtpou2»is and in the 
study by Garr (21) of the stability of some HRgCS compounds. 
When an attempt is made to correlate a gradient series 
based upon some fundamental piroperty with some other property, 
the appearance of irregularities is not \musual. In the inor­
ganic field, there are many cases in which the stability of a 
series of compounds runs directly contrary to our present 
theories of the relationship between potential and affinity. 
We might cite, for example, such discrepancies with the electro­
chemical series. 
fhe foz^lamental assumptions of the electrochemical con­
ception of valence have been expressed as follows by Hilde-
braMt (38): "The basis of the 'replacement series' is the 
ease with which elements lose or gain electrons. As we now 
usually say, sodium is a very positive element because it has a 
loosely held outer electron, iitoich readily passes to a chlor­
ine atom, where it is tightly held, completing a stable octet. 
In potassium the outer or valence electron is more loosely 
held, so that potassium chloride is formed with greater evolu­
tion of energy than is sodium chloride. The ease with which 
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electrons are lost or gained has been measured directly as lon-
isation potential". 
In Table VII are listed some elements in order of their 
increasing ionization potentials. Included in this table are 
the heats of formation of the oxides, hydroxides, fluorides 
aad chlorides. The heats of reaction for the followixig chem-
ieal changes are also tabulated: 
1, RgO + HgO^sss: 2 ROB Afij 
2. ROH + HCl = RCl + HgO + AHg 
3. M2O * HGl R0« • RCl • AH5 
4, 3RgO • 2A1 —i"' 6R • AlgO^ • 
If a a»ooth curre be drawn in Figure II) and the 
•aluea for aHi from Table VII be placed upon it, abscissa 
values for the elements will be obtained which may be called 
the electron-sharing abiMby of the elements. Curves for the 
data in Table VII are plotted in Figures II and III. It will 
be observed that the magnitudes of the heats of formation of 
the chlorides ^ I'olative order required by 
our present theories of valence. The heats of formation of 
the fluorides of the hydroxides (^EgoH^ 
ides are not in this order and are examples which are 
discrepant with the electrochemical theoi?y of valence. While 
the magnitudes of the heats of forMtion of the oxides and hy-
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droxidoa SM discrepant with our present ideas of affinity, yet 
when they are combined as in reactions 1, 2 and 3, the magni-
tildes of the heats of reaction AE2 andare in harmony 
wi^ the theory. On the other hand, the siimsation of the heats 
of reaction as inequation 4 is quite abnormal so far as theory 
is concerned, 
fhe curves in Figures II and III show clearly that the dis­
crepancies which exist when an attempt is made to correlate cer­
tain other pi^perties of the elements with their ionization po­
tentials may be more fancied than real. The apparently dis­
crepant properties plot smooth curves, in some cases possessing 
maxima or minima. This same condition could also exist in a 
series of amines, in which stability plotted against electron-
sharing ability might show a mlnimim. This imstable range is 
indicated in Figure IV, where the electron-sharing abilities of 
the radicals are plotted against the ionization constants for 
the amines. 
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Table VII. 
7al3>ular Comparisons of the Heats of Fomation 
and Heats of Reaction for a Series of Elements 
in the "Replacement Series" 
Element 
Ionizing Heat of FcnnBation Heat of Reactions 
Potential ^%0H AH2 AHj ^^H4 
Cs 3.88 83 102 107 106 53 48 101 44 
Rb 4.16 84 102 108 105 52 47 99 43 
K 4.32 87 104 109 105 53 45 98 40 
la 5.12 101 103 111 99 37 43 77 26 
1/2 Ba 5.19 126 109 112 98 24 33 67 1 
Li 5,37 142 115 120 97 20 26 46 -15 
1/2 3r 6.67 140 112 117 98 17 30 46 -13 
1/2 Ca 6.09 152 116 119 95 12 23 35 -23 
1/2 Mg 7.61 144 108 105 76 5 11 15 -17 
1/3 kl 127 99 83 54 3 1 2 0 
H 13.64 68 68 38 24 0 0 0 59 
:  '  . i  - :  
, : - -. y./rt'I-Si'ii.'J/-
I "''4-'' ^ -''-•> \rf- .i"-
O 60 
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'^le%W#p«siaMirii« -./v - , 
J . - J ^ t ^  ^ t^?" 
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Some observations upon the structux^s of the amines studied 
in this investigation might prove of interest. Camphor anine. 
CH5-O-CH3 
.7 
with an ionization constant of 1x10 , was the moat negative. 
Borayl amine, 
CH5 
HgC. 
CH3-C-CHS 
CH2 
H 
with a similar structure, proved to be much more positive 
tKa^xlO""®), Bven though the ffinino group is on the 4-poaition 
in the first case and on the 3-position in the secorwi, the only 
major difference between the two compounds is the presence of a 
earbonyl group in camphor amine, "ftie larger part of the differ­
ence in the ionization constants of these two compounds must be 
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due to the negativity of thia grouping. This contention is 
further strengthened by the constant obtained for o^-aainoaniyl 
methyl ketone (1,6x10"®) 
jflls 0 
All previous data obtained in this laboratory indicate that, if 
the oxygen in the above compound be replaced by two hydrogen 
atoms, the raa^itude of the ionization constant should increase 
—4 to about 10 , The ring structure of camphor probably accounts 
for the lower ionization constant of its amine. The effect of 
the bridge-ring is also observable in the cases of menthyl and 
bornyl amines. (See Figure IV.) Pinyl amine 
Hc; 
HgC 
CHs 
C-CHj 
CC®2 
^CHg 
H 
illustrates effect of the four membered bridge-ring as con­
trasted with the five membered ring of the bomyl radical. The 
methylene group one carbon removed ftrom the amino radical with­
out doubt contributed to the negativity of the pinyl structure. 
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Some "blcycllc terpen® amines containing a three iBembez*ed 
ring may possibly prove still more negative. Terpene radicals 
of the type 
night form amines with ionization constants of lesser magni­
tude than any of those measured in this study. The lack of 
any evidence in tl«> literature for the existence of such 
amines, combined with the known instability of other compotmds 
containing such radicals, makes the extension of this investi­
gation to include them very difficult. 
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COHCLDSIOKS 
From tha data presented in this study the following con­
clusions my be drawn: 
1, The terpene amines have ionization constants rang­
ing from about 10"^ to lO"*'. 
2, !^ere is evidence of instability in those amines 
with constants of the order of 10"® to 10"''', 
3, There is qualitative evidence Indicating the ex­
istence of a minlBtum stability range in the electron-
sharing ability curve for amines. 
4, The instability of primary amines of the terpene 
type explains the lack of values in the literature for 
ionization constants ranging from 10"® to 10"®, 
5, So-called aliphatic amines may be modified by 
placing a carboxyl group in the alpha position, to give 
ionization constants aM stabilities within this un­
stable range, 
6, Ionization constants may be determined by a modi-
fieation of the half neutralization method, using the 
amine hydrochloride and an half-equivalent of laOE in­
stead of the usual procedure. 
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StJMMARY 
1, Bornyl amine hydrochloride has been prepared and purified. 
2, Pinyl amine hydrochloride has been prepared and purified, 
3, o<-Aaiinoamyl methyl ketone hydrochloride has been prepared 
and purified. 
4, CMiphor amine hydrochloride has been prepared and purl-
fled. 
5, ^he Ionization constants for 1-aenthyl amine, bomyl 
amine, pinyl amine, oc>aminoamyl methyl ketone and camphor amine 
have been measured. 
6, Observations have been made on the stability of terpene 
amines and related amines. 
7, A modification of the half neutralization method for the 
determination of ionization constants has been reported. 
8, ^ e terpene and certain other amines possess ionization 
—5 —9 
constants falling within the range 10 to 10 « 
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